Thylacines (Tasmanian tigers, Thylacinus cynocephalus) used to roam across most of Australia and New Guinea. After the arrival of humans and dogs in Australia and the subsequent spread of dingoes to Australia and singing dogs to New Guinea, thylacines only survived in Tasmania until the arrival of Europeans. They fi nally became extinct in this last refuge in the early 20 th century. With them, our planet lost a highly distinct animal which was the only member of the family Thylacinidae.
Today's wildlife is only a shadow of its Pleistocene version both in range and in diversity of larger species. Brown bears once roamed most of the northern temperate land surface, including, for instance, California, northern Africa, the Arabic peninsula, and all of Europe. Now they survive in remote areas of Canada, Russia and Alaska, habitats that share the advantage of having very few human inhabitants. Rhinoceroses were still present in Europe when cavemen arrived and painted their pictures on walls. Woolly mammoths were still alive when Ancient Egyptians started building pyramids.
All the large mammals, the likes of which now attract safari tourists to Africa, have mostly disappeared from the other continents, presumably because the invasion of Homo sapiens adept at throwing spears came too quickly for them to adapt to the danger (Proc. R. Soc. B (2014) 281, 20133254) . Peaceful plant-eaters were easy food for early hunters, while carnivores were unloved competitors. Both disappeared everywhere except in Africa where they co-evolved with humans (Curr. Biol. (2015) 25, R965-R967).
Terrestrial mammals were most dramatically affected by the manmade megafauna extinction. Driven by the disappearance of very large species, the median adult body weight of mammalian species decreased from 84.3g to 72.7g. This change has ecological consequences affecting all living things. Research has shown that the larger animals make a disproportionate contribution to nutrient redistribution (Curr. Biol. (2016) 26, R1-R5). Therefore, the loss of terrestrial megafauna has already had a large effect on ecosystem function.
And today the catastrophic biodiversity loss continues, due to hunting as well as habitat loss, with some iconic large mammals now under threat, including rhinoceroses (Curr. Biol. (2018) 28, R1-R3), tigers, and orangutans. Apart from the species disappearing, even those that survive are suffering dramatic population declines. The report also looked into other indicators of a healthy biodiversity, namely the Species Habitat Index, measuring changes in species distribution, the IUCN Red List Index which tracks extinction risk, and the Biodiversity Intactness Index that looks at changes in community composition.
Report of a death foretold
All of these indicators are pointing in the same direction. Vertebrate biodiversity is losing ground rapidly, in ways that are unsustainable and could become irreversible. The report stresses that biodiversity is not just "nice to have" for the human population but in fact the foundation of the planetary systems that keep us alive. Thus, the report concludes, by endangering biodiversity we endanger ourselves.
Feature

Can vanishing wildlife evolve back?
The incipient sixth mass extinction has already wiped out terrestrial megafauna and will continue to decimate functional biodiversity until the human population collapses or learns to live within the planetary resources. Using phylogenetic tree data of extant and recently extinct mammalian species, researchers have analysed how and when mammalian biodiversity can recover to the level before humans started hunting. Michael Gross reports. contribute to climate change with their methane emissions, and the focus on a small number of domesticated species held at high density, as in crop agriculture, leads to vulnerability to pests and diseases and hence to the need for chemicals that in turn have unintended effects on wildlife.
Thus, no amount of domesticated animals can replace the wild animals that we have lost. And we keep losing more, as agriculture replaces more and more natural habitat.
In the natural course of evolution, extinctions happen as well, and new species arise to fi ll any ecological niches and maintain the overall biodiversity. With the man-made sixth extinction proceeding much faster than most natural changes that evolution has to respond to, the question is whether biodiversity can recover from it and how long that may take.
Missing mammals
Søren Faurby from the University of Gothenburg, Sweden, and colleagues from Aarhus University, Denmark, have documented the population distribution of mammals and the effects of the man-made mass extinction in unprecedented detail (Ecology (2018) https://doi.org/10.1002/ecy.2443). They established a database called PHYLACINE, The Phylogenetic Atlas of Mammal Macroecology, which includes phylogenies, range maps, trait data, and threat status for all 5,831 known mammal species that have lived since the last interglacial period (~130,000 years ago until present).
Thus, the database covers not only the surviving mammals but also those that have become extinct since humans started hunting, such as the four species of sabre-tooth tiger, the woolly mammoth, and the Tasmanian tiger. For these species it also shows their range and distribution in a counterfactual present state without human interference. "PHYLACINE shows counterfactual 'present natural' ranges that represent where species would likely live today without widespread human interference," explains co-author Matt Davis from Aarhus University, Denmark. "For many living species, the present natural ranges were based on their historical ranges, but this isn't always the case." It can therefore help researchers to analyse the course that the ongoing decimation and extinction of terrestrial mammals has taken so far and draw conclusions as to how it may develop next.
In a recent project, Matt Davis and Jens-Christian Svenning from Aarhus University, Denmark, worked with Faurby to use the Phylacine database to analyse how mammalian biodiversity might recover after the extinction comes to an end (Proc. Natl. Acad. Sci. USA (2018) 115, 11262-11267) .
The researchers analysed the phylogenies from the database, complete with the data on conservation status, and calculated phylogenetic diversity (PD). This metric represents the total amount of evolutionary time (in species-years) accumulated within a given phylogenetic group. Researchers can split this metric down to the species level, yielding an evolutionary distinctiveness (ED) showing how unique and different a given species is from other life forms.
The EDGE of Existence programme (https://www.edgeofexistence.org/) of the Zoological Society of London (ZSL), UK, for instance, has used evolutionary distinctiveness (ED) in combination with global endangerment (GE) to suggest conservation priorities.
As a means of quantifying the damage done by extinction, PD enables researchers to distinguish between processes that only chopped a twig off the tree of life and those that severed a major Currently, preparations are underway for the 2020 meeting of the United Nations Convention on Biodiversity. This, the WWF states, is the last chance for humankind to avert a disaster that could become worse than climate change.
The current composition of the global biomass is already heavily biased by human infl uences, as the group of Ron Milo at the Weizmann Institute at Rehovot, Israel, has shown in May (Proc. Natl. Acad. Sci. USA (2018) 115, 6506-6511). Animals, with a total biomass of 2 Gt of carbon, are a small minority compared with the biomass of plants, bacteria, archaea, and fungi. Among the animals, livestock account for 0.1 Gt, or 14 times as much as wild mammals (0.007 Gt).
According to these analyses, of all the mammalian biomass on our planets, 60% is livestock, 36% humans, and only 4% wild mammals. Similarly, farmed poultry account for 70% of all birds by biomass.
Although the numbers might suggest that livestock has replaced the wildlife we lost since the Pleistocene, animals held in captivity and bred for human consumption don't help the wider ecosystem. Important ecological roles of large animals, such as nutrient and seed dispersal, depend on their migrations, for instance (Proc. Natl. Acad. Sci. USA (2016) 113, 868-873) .
Moreover, the unsustainable quantities of cattle we breed are known to branch. Looking to the future, PD can also be calculated forward, as surviving species accumulate more years on the length of their shoots and split into new species at a certain rate, and thus gain PD in predictable ways as time goes by.
Davis, Faurby and Svenning calculated how much phylogenetic diversity mammals have lost since human hunters entered the scene. According to their calculations, the over 300 species of mammals that became extinct since the last interglacial period (130,000 years ago) took with them 2.5 billion years of evolutionary history.
They also worked out how fast they are losing PD in the current extinction crisis, and how long it would take them to regain the species-years lost. Even under implausibly optimistic assumptions, such as a scenario where extinctions would stop right now, or after a few decades of keeping the current extinction rates, recovery of lost biodiversity would take millions of years.
For example, if the current situation continued for another 50 years and extinction rates would then drop back to the natural level, the authors calculate that recovery of the PD lost since the last interglacial period would take 5-7 million years. Recovery of just the PD on track to be lost in the next 50 years would take 3-5 million years. In other words, all biodiversity we lose now will be lost forever in terms of the likely lifespan of the human species.
Davis and colleagues caution that this is a best-case scenario, and that PD, while easy to calculate, isn't an exact measure of functional biodiversity. Where functional traits are lost, such as the unique contributions of the megafauna, it may take much longer for nature to evolve something similar to fi ll the gap. The analyses show that recovering body size distribution will take longer than the 7 million years estimated for PD recovery.
Once we have lost elephants and rhinoceroses, the new diversity that emerges may look very different and less appealing. As the authors state in one (very optimistic) scenario for a fast-track recovery of diversity: "The world would have over 22,000 mammal species, 6,000 of them rats."
The fossil record, Davis points out, isn't much of a guidance to what will happen after the extinction: "We lost a whole chunk of functional space with the megafauna, but these were also the most evolutionarily distinct species. We got hit badly on two fronts. And we also don't see this kind of selective pruning of deep branches in the fossil record so we are really heading into uncharted territory."
Thus, in terms of ecosystem function (and services that benefi t us), the only thing that can safeguard future biodiversity really is to stop killing off species. As Davis puts it: "It is much easier to save biodiversity now than to re-evolve it later." And the metrics derived from the PD can help us to decide which ones should most urgently be saved.
Mammals on the EDGE
The above-mentioned EDGE of Existence programme has prepared conservation priority lists for mammals as well as for birds, amphibians, corals and most recently for reptiles (Curr. Biol. (2018) 28, R581-R584), based on a ranking that takes into account both the threat level and the evolutionary distinctiveness of a species, as quantifi ed using the PD metric.
The mammals list is led by a pair of critically endangered echidna species, the western long-beaked echidna, Zaglossus bruijnii, and Attenborough's long-beaked echidna, Zaglossus attenboroughi. The echidnas diverged from the similarly distinctive duck-billed platypus (Ornithorhynchus anatinus) around 46 million years ago when they returned to a land-based lifestyle while the platypus opted for the water. Zaglossus attenboroughi, native to the Cyclops Mountains in extreme northern Papua Province, Indonesia, was once believed to be extinct, and Zaglossus bruijnii found in Vogelkop Peninsula, in the far west of the island of New Guinea (West Papua Province, Indonesia) and possibly also on two other Indonesian islands may also be close to extinction.
With the platypus, which is only near-threatened, the four extant echidna species are the sole representatives of the order of Monotremata, meaning that the loss of these fi ve species would remove a deep-set branch from the tree of animal evolution.
The bronze medallist of the EDGE list is a New Zealand bat species with no confi rmed sightings since 1967. The greater short-tailed bat (Mystacina robusta) and its congeneric, the lesser short-tailed bat, are the only representatives of the family Mystacinidae, which gives them a high level of evolutionary distinctiveness.
In fourth position is the most endangered, if not already extinct, aquatic mammal, the baiji (Lipotes vexillifer), a river dolphin from the Yangtze river in China. Traditionally, its habitat ranged between the current site of the Three Gorges Dam and the Yangtze delta. However, as the river is heavily used by shipping and degraded 
